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(57)Abstra.ct: 

PROBLEM TO BE SOLVED: To provide a fuel cell which can 
operate in a moderate temperature range, by raising the 
operating temperature in a solid polymer membrane fuel cell and 
lowering the operating temperature of a solid oxide type fuel 
cell. 

SOLUTION: Dense layers of hydrogen permeable metal 21, 22 
and 24 are provided on both sides of polymer electrolyte layer 
20 in the solid polymer membrane fuel cell. Thus, the break off 
of the moisture of the electrolyte layer 20 is suppressed, and 
the operating temperature can be raised; while in the solid oxide 
type fuel cell, the dense membrane of hydrogen permeable 
metal is made the base material and the electrolyte layer is 
formed thereon. In this way, the electrolyte layer can be made 
sufficiently thin, and the operating temperature can be lowered. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is an electrolyte membrane for fuel cells, 
The water electrolyte layer containing moisture, 

The electrolyte membrane which has the precise film of the hydrogen permeability ingredient formed in 
both sides of this electrolyte layer. 
[Claim 2] 

It is an electrolyte membrane according to claim 1 , 

Said water electrolyte layer is an electrolyte membrane which is a solid-state poly membrane. 
[Claim 3] 

It is an electrolyte membrane according to claim 1 , 

The precise film arranged at the oxygen pole side of said fuel cell is an electrolyte membrane formed with 
either of the alloys containing at least vanadium, niobium, tantalums, and these parts. 
[Claim 4] 

claims 1 -3 — either — the electrolyte membrane of a publication — it is 

The precise film arranged at the hydrogen pole side of said fuel cell is an electrolyte membrane formed with 

palladium or a palladium alloy. 

[ClaimS] 

It is an electrolyte membrane according to claim 1 , 

The precise film of said hydrogen permeability ingredient consists of two-layer hydrogen [ at least ] 
demarcation membrane layers which consist of a dissimilar metal, 

It had the metal diffusion control layer of the contact interface of this dissimilar metal which controls 
diffusion of these dissimilar metals in part at least. 
Electrolyte membrane. 
[Claim 6] 

It is an electrolyte membrane according to claim 5, 

Said metal diffusion control layer is a proton conductor, a mixed conductor, an insulator, the ceramics, and 

an electrolyte membrane containing at least one of the metals of non-conductivity [ proton ]. 

[Claim 7] 

It is a fuel cell, 

claims 1-6 — either — the electrolyte membrane of a publication, 

The oxidation gas supply section which supplies oxidation gas to the oxygen pole arranged in one field of 
this electrolyte membrane, and this oxygen pole, 

the hydrogen pole arranged in the field of another side of this electrolyte membrane, and this hydrogen pole 
— hydrogen — a fuel cell equipped with the fuel gas feed zone which supplies rich fuel gas. 
[Claim 8] 

It is an electrolyte membrane for fuel cells, 

The base material formed with the precise hydrogen permeability ingredient, 

An electrolyte membrane equipped with the electrolyte layer of the minerals formed by one [ at least ] field 
on this base material. 
[Claim 9] 

It is an electrolyte membrane according to claim 8, 

An electrolyte membrane equipped with the coat of the hydrogen permeability ingredient which covers the 
field of the side which does not touch said base material among the fields of said electrolyte layer. 

http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.g... 5/3/2006 



JP,2004-146337,A [CLAIMS] 



Page 2 of 3 



[Claim 10] 

It is an electrolyte membrane according to claim 9, 

Said base material and said coat are an electrolyte membrane formed with a metallic material of a different 
kind. 

[Claim 11] 

It is an electrolyte membrane according to claim 8, 

The base material of said hydrogen permeability ingredient consists of two-layer hydrogen [ at least ] 
demarcation membrane layers which consist of a dissimilar metal, 

It had the metal diffusion control layer of the contact interface of this dissimilar metal which controls 
diffusion of these dissimilar metals in part at least. 
Electrolyte membrane. 
[Claim 12] 

It is an electrolyte membrane according to claim 1 1 , 

Said metal diffusion control layer is a proton conductor, a mixed conductor, an insulator, the ceramics, and 
an electrolyte membrane containing at least one of the metals of non-conductivity [ proton ]. 
[Claim 13] 

claims 8-12 — either — the electrolyte membrane of a publication — it is 

Said base material is an electrolyte membrane formed with either of the alloys containing at least vanadium, 
niobium, tantalums, and these parts. 
[Claim 14] 

It is an electrolyte membrane according to claim 13, 
Said electrolyte layer is formed by the solid acid ghost, 

A part of interface [ at least ] of said base material and said electrolyte layer was equipped with the reaction 
control layer which controls the reaction of the oxygen atom in said electrolyte layer, and said base material. 

Electrolyte membrane. 
[Claim 15] 

It is an electrolyte membrane according to claim 14, 

Said reaction control layer is an electrolyte membrane containing at least one of a proton conductor, a mixed 
conductor, and insulators. 
[Claim 16] 

It is an electrolyte membrane according to claim 8, 

The electrolyte of said electrolyte layer is a specified quantity **** multiple oxide about oxygen while 
including the 1 st site which uses alkali metals as a principal component by the fixed ratio to the 2nd site 
which uses other elements as a principal component, 

Said multiple oxide is a multiple oxide with which the mole ratio of the component of the 1 st site to the 
component of the 2nd site was compounded with the mixing ratio smaller than said fixed ratio. 
Electrolyte membrane. 
[Claim 17] 

It is an electrolyte membrane according to claim 8, 

The electrolyte of said electrolyte layer is a specified quantity **** multiple oxide about oxygen while 
including the 1 st site which uses alkali metals as a principal component by the fixed ratio to the 2nd site 
which uses other elements as a principal component, 

said multiple oxide is specified quantity **** about the oxide of the 3rd element which forms an oxide with 
said alkali metals — it is the multiple oxide compounded in the condition 
Electrolyte membrane. 
[Claim 18] 
It is a fuel cell, 

claims 8-17 — either — the electrolyte membrane of a publication, 

The oxidation gas supply section which supplies oxidation gas to the oxygen pole arranged in one field of 
this electrolyte membrane, and this oxygen pole, 

the hydrogen pole arranged in the field of another side of this electrolyte membrane, and this hydrogen pole 
- hydrogen — a fuel cell equipped with the fuel gas feed zone which supplies rich ftiel gas. 
[Claim 19] 

It is a fuel cell according to claim 18, 

Said base material is a fuel cell arranged rather than this base material so that said electrolyte layer may 
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exist in a hydrogen pole side while being either of the alloys containing at least vanadium, niobium, 
tantalums, and these parts. 
[Claim 20] 

It is a fuel cell according to claim 1 8 or 1 9, 

Said electrolyte membrane is a fuel cell arranged so that either [ at least ] said base material or covering may 
intervene between said electrolyte layers and oxygen poles. 
[Claim 21] 

It is the manufacture approach of the electrolyte membrane for fuel cells, 
The process which forms the water electrolyte layer containing moisture, 

The manufacture approach equipped with the process which forms the precise film of a hydrogen 
permeability ingredient in both sides of this electrolyte layer. 
[Claim 22] 

It is the manufacture approach of the electrolyte membrane for fuel cells, 

a) The process for which the base material formed with the precise hydrogen permeability ingredient is 
prepared, 

b) The manufacture approach which equips one [ at least ] field of this base material with the process which 
forms an inorganic electrolyte layer. 

[Claim 23] 

It is the manufacture approach according to claim 22, 

The electrolyte of said electrolyte layer is a specified quantity **** multiple oxide about oxygen while 
including the 1st site which uses alkali metals as a principal component by the fixed ratio to the 2nd site 
which uses other elements as a principal component, 

Said process b is the manufacture approach equipped with the process which compounds the mole ratio [ as 
opposed to the component of the 2nd site for said multiple oxide ] of the component of the 1 st site with a 
mixing ratio smaller than said fixed ratio. 
[Claim 24] 

It is the manufacture approach according to claim 22, 

The electrolyte of said electrolyte layer is a specified quantity **** multiple oxide about oxygen while 
including the 1st site which uses alkali metals as a principal component by the fixed ratio to the 2nd site 
which uses other elements as a principal component, 

said process b is specified quantity **** about the oxide of the 3rd element which forms said alkali metals 
and oxide for said multiple oxide — the manufacture approach equipped with the process compounded in the 
condition. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the fuel cell which can operate in a moderate temperature region. 
[0002] 

[Description of the Prior Art] 

In recent years, the fuel cell generated according to the electrochemical reaction of hydrogen and air attracts 
attention as an energy source. The fuel cell of high temperature forms, such as a fuel cell of low temperature 
forms, such as a solid-state macromolecule membrane type, and a solid acid ghost mold, exists in the thing 
using a solid electrolyte membrane among fuel cells. 
[0003] 

The fuel cell of a solid-state macromolecule membrane type uses poly membranes, such as Nation 
(trademark), for the electrolyte membrane inserted into inter-electrode. In this electrolyte membrane, if 
water content becomes low, ionic conductivity will fall and membrane resistance will become large. 
Therefore, in order to hold down membrane resistance to the practical range, operation at the low 
temperature which can avoid extreme evaporation of moisture is needed. Generally in the present condition, 
the fuel cell of a solid-state macromolecule membrane type is operated in about 150 degrees C or less. 
[0004] 

The fuel cell of a solid acid ghost mold uses the thin film of the minerals of a zirconia and others for the 
electrolyte membrane inserted into inter-electrode. Since the membrane resistance of this electrolyte 
membrane is in the inclination which increases, so that it becomes low temperature, in order to hold down 
membrane resistance to the practical range, operation comparatively in an elevated temperature is needed. 
Although it is also possible to reduce membrane resistance by making thickness of an electrolyte membrane 
thin, it is very difficult to form a precise thin film on the electrode formed by the porous body, and sufficient 
thin film-ization is not attained. Generally in the present condition, the fuel cell of a solid acid ghost mold is 
operated at the temperature of about 700 degrees C or more. 
[0005] 

In addition, the hydrogen demarcation membrane of 5 layer structures which covered Palladium Pd through 
the hydrogen permeability middle class as an example which constituted the film from two or more layers to 
base metal both sides of VB group element (Vanadium V, Niobium Nb, Tantalum Ta) is proposed by the 
patent reference 1 . 
[0006] 

[Patent reference 1] 

JP,7-185277,A 

[0007] 

[Problem(s) to be Solved by the Invention] 

Conventionally, what operates in an about 1 50-700-degree C moderate temperature region did not exist in 
the fuel cell using a solid electrolyte membrane. Generally, since electrolytic membrane resistance was in 
the inclination which becomes so low that temperature is high, elevated-temperature-ization of operating 
temperature was desired about the fuel cell of a solid-state macromolecule membrane type. On the other 
hand, it needed to consider as the configuration member and structure where thermal resistance was taken 
into consideration in the system using a fuel cell when the operating temperature of a fuel cell was 
extremely high, and the constraint on a design was large. 
[0008] 
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In view of these technical problems, this invention attains elevated-temperature-izing of the operating 
temperature of the fuel cell of a low temperature form, and low temperature-ization of the operating 
temperature of the fuel cell of a high temperature form, and aims at offering the fuel cell which can operate 
in a moderate temperature region. 
[0009] 

[The means for solving a technical problem, and its operation and effectiveness] 

In order to solve a part of above-mentioned technical problem [ at least ], the 1st electrolyte membrane for 
fuel cells in this invention was considered as the following configurations. Let the 1st electrolyte membrane 
be the three-tiered structure which has a water electrolyte layer containing moisture, and the precise film of 
the hydrogen permeability ingredient formed in the both sides. By covering both sides of a water electrolyte 
layer with the precise film, even if it operates under an elevated temperature, evaporation of the moisture of 
a water electrolyte layer can be controlled, and increase of membrane resistance can be controlled. 
Therefore, the operating temperature of the fuel cell of a low temperature form can be raised by using this 
electrolyte membrane. The film which included moisture in a ceramic, glass, and alumina systems, such as a 
solid-state poly membrane, heteropolyacid systems, water peta- alumina systems, etc., such as Nafion 
(trademark), can be used for a water electrolyte layer. 
[0010] 

In the 1st electrolyte membrane, the precise film arranged at an oxygen pole side in case it is used for a fuel 
cell can be used as either of the alloys containing at least vanadium, niobium, tantalums, and these parts. For 
example, it is good also as a vanadium simple substance, and good also as a vanadium-nickel alloy etc. 
Generally, these ingredients have the high permeability of hydrogen, and since it is comparatively cheap, 
they fit this application. Although it is also possible to apply these ingredients to the precise film by the side 
of a hydrogen pole, it is more desirable to use for an oxygen pole side, in order to avoid hydrogen 
embrittlement. 
[0011] 

In the 1st electrolyte membrane, the precise film arranged at a hydrogen pole side in case it is used for a fuel 
cell can be used as palladium or a palladium alloy. Palladium is because it is the ingredient which cannot 
carry out hydrogen embrittlement easily while having comparatively high hydrogen permeability. 
[0012] 

The precise film of said hydrogen permeability ingredient is good also as what consists of two-layer 
hydrogen [ at least ] demarcation membrane layers which consist of a dissimilar metal, and is equipped with 
the metal diffusion control layer of the contact interface of this dissimilar metal which controls diffusion of 
these dissimilar metals in part at least. 
[0013] 

Sandwiches structure film, such as for example, palladium / vanadium / palladium, may be used for a 
hydrogen permeability ingredient. Although the transmission rate of vanadium of a proton or a hydrogen 
atom is quicker than palladium and there is an advantage of being cheap, there is also a fault that the 
capacity to divide a hydrogen content child into a proton etc. is low. Penetrable ability can be raised because 
the capacity to divide a hydrogen content child into a proton forms the thin film of high palladium in one 
side or both sides of vanadium. As for a metal, the metal of VB groups, such as niobium and a tantalum, 
may be used besides vanadium. 
[0014] 

However, with the hydrogen permeability ingredient formed in this way, hydrogen permeability ability will 
fall by heat treatment at the time of manufacture with time by the counter diffusion of a dissimilar metal. If 
such an electrolyte membrane is used for a fuel cell, the electromotive force of a cell will also decline. Then, 
if it has a metal diffusion control layer like this invention, the metal counter diffusion of dissimilar metals 
can be controlled and the fall of the hydrogen permeability ability of a hydrogen permeability ingredient can 
be controlled. A metal diffusion control layer may be attached to all the contact interfaces of a dissimilar 
metal, and may be discontinuously attached to continuation. You may be island shape when it attaches in 
discontinuous. 
[0015] 

Said metal diffusion control layer is good also as a thing containing at least one of the metals of non- 
conductivity [ proton / a proton conductor, a mixed conductor, an insulator, the ceramics, and ]. 
[0016] 

A proton conductor is a conductor which penetrates a proton and does not penetrate an electron. A mixed 
conductor penetrates a proton and an electron. On the other hand, an insulator penetrates neither a proton 
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nor an electron. The ceramics is a kind of a proton conductor, and although the metal of non-conductivity 
[ proton ] penetrates an electron, a proton does not penetrate. Attaching discontinuously is desirable when 
using an insulator as a metal diffusion control layer. A metal diffusion control layer may be the composite 
material and the inclination ingredient containing a proton conductor etc. 
[0017] 

This invention may be constituted as a fuel cell which used the 1 st electrolyte membrane, the oxidation gas 
supply section in which this fuel cell supplies an oxygen pole to one field of the 1st electrolyte membrane, 
and supplies oxidation gas to an oxygen pole — arranging — the field of another side — a hydrogen pole and 
a hydrogen pole — hydrogen — it is constituted by having the fuel gas feed zone which supplies rich fuel gas. 

[0018] 

The 2nd electrolyte membrane in this invention is equipped with the electrolyte layer of the base material 
formed with the precise hydrogen permeability ingredient, and the minerals formed by the field of one [ at 
least ] of these. If it carries out like this, an electrolyte layer can fully be thin-film-ized by forming 
membranes on a precise base material. For example, it is possible conventionally to make thin to about 0.1-1 
micrometer thickness of the electrolyte layer which was 10 micrometers or more. Therefore, operating 
temperature of the fuel cell of a high temperature form can be low-temperature-ized by using the 2nd 
electrolyte membrane. The ceramic proton conductor of BaCe03 and SrCe03 system can be used for an 
inorganic electrolyte layer. An electrolyte layer may form membranes only on one side of a base material, 
and may form membranes to both sides. The latter can also be caught with the configuration which 
sandwiched the base material in the electrolyte layer. 
[0019] 

In the 2nd electrolyte membrane, you may have the coat of the hydrogen permeability ingredient which 
covers the field of the side which does not touch a base material. As a hydrogen permeability ingredient, the 
alloy containing at least vanadium, niobium, tantalums, and these parts, palladium, a palladium alloy, etc. 
can be used, for example. An electrolyte layer can be protected by using this coat. 
[0020] 

In the 2nd electrolyte membrane, a base material and a coat may be formed with a metallic material of a 
different kind. In the contact surface of a metallic material of a different kind, although the alloying by 
diffusion may arise, there is also an advantage which can avoid alloying with this configuration, harnessing 
the property of both metals by making an electrolyte membrane intervene between dissimilar metals. As a 
dissimilar metal, it can consider as either of the alloys containing at least vanadium, niobium, tantalums, and 
these parts, and the combination of palladium or a palladium alloy, for example. 
[0021] 

It may be good also as what consists of two-layer hydrogen [ at least ] demarcation membrane layers which 
the base material of said hydrogen permeability ingredient becomes from a dissimilar metal, and is equipped 
with the metal diffusion control layer of the contact interface of this dissimilar metal which controls 
diffusion of these dissimilar metals in part at least, and said metal diffusion control layer may contain at 
least one of the metals of non-conductivity [ proton / a proton conductor, a mixed conductor, an insulator, 
the ceramics, and ]. Its operation and effectiveness are the same as that of the case of the 1st electrolyte 
membrane. 
[0022] 

As for a base material, it is [ in / the 2nd electrolyte membrane ] desirable to form with either of the alloys 
containing at least vanadium, niobium, tantalums, and these parts. These ingredients have high hydrogen 
permeability, and since it is comparatively cheap, they can form the base material of sufficient thickness by 
low cost. 
[0023] 

Said electrolyte layer is formed by the solid acid ghost, and is good also as a thing equipped with the 
reaction control layer which controls the reaction of the oxygen atom in said electrolyte layer, and said base 
material to a part of interface [ at least ] of said base material and said electrolyte layer. 
[0024] 

If the electrolyte layer and the base material touch when an electrolyte layer is a solid acid ghost, the oxygen 
and the base material in an electrolyte will react and a base material will serve as an oxide. If such an 
electrolyte membrane is used for a fuel cell, since hydrogen permeability will fall, the electromotive force of 
a fuel cell declines from usual. Then, by having a reaction control layer, the reaction of oxygen and a base 
material can be controlled and the fall of electromotive force can be controlled. A reaction control layer may 
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be attached to all the contact interfaces of an electrolyte layer and a base material, and may be 
discontinuously attached to continuation. You may be island shape when it attaches in discontinuous. 
[0025] 

Said reaction control layer is good also as a thing containing at least one of a proton conductor, a mixed 
conductor, and insulators. Attaching discontinuously is desirable when using an insulator as a reaction 
control layer. 
[0026] 

A specified quantity **** multiple oxide can be used for it for oxygen while the electrolyte of said 
electrolyte layer includes the 1 st site which uses alkali metals as a principal component by the fixed ratio to 
the 2nd site which uses other elements as a principal component. At this time, said multiple oxide may be a 
multiple oxide with which the mole ratio of the component of the 1st site to the component of the 2nd site 
was compounded with the mixing ratio smaller than said fixed ratio. 
[0027] 

If alkali metal reacts with C02 contained in the cathode anode gas in a fuel cell, an alkali-metal carbonate 
will be generated. This alkali-metal carbonate causes serious problems, such as decline in the conductivity 
of a fuel cell, and collapse of an electrolyte layer. 
[0028] 

Compared with the case where alkali metal exists as a multiple oxide, the way which exists as an alkali- 
metal oxide tends to react with C02 far. 
[0029] 

It can avoid making an alkali-metal oxide remain in this invention by generating said multiple oxide because 
the mole ratio of the component of the 1st site to the component of the 2nd site compounds with a mixing 
ratio smaller than said fixed ratio. Therefore, generation of an alkali-metal oxide can be controlled. The 
impurity may be mixed that alkali metals and other elements should just be the principal components of the 
1st site of a multiple oxide, or the 2nd site, respectively. As a multiple oxide, there are perovskite, 
pyrochlore, a spinel, etc., for example. Rare earth elements (Cerium Ce, Zirconium Zr, Yttrium Y, 
ITTERIBIUMU Yb) can use for the 2nd site. 
[0030] 

while the electrolyte of said electrolyte layer includes the 1st site which uses alkali metals as a principal 
component by the fixed ratio to the 2nd site which uses other elements as a principal component, it is a 
specified quantity **** multiple oxide about oxygen, and said multiple oxide is specified quantity **** 
about the oxide of the 3rd element which forms an oxide with said alkali metals — you may be the multiple 
oxide compounded in the condition. 
[0031] 

With the 3rd element, since alkali metals come to exist as an oxide which contains alkali metal and the 3rd 
element as an alkali-metal oxide, they can control generating of an alkali-metal carbonate. As the 3rd 
element, there are Titanium Ti, Manganese Mn, iron Fe, etc. The oxides of the 3rd element are Ti02, 
Mn02, Fe 203, etc. 
[0032] 

This invention may be constituted as a fuel cell which used the 2nd electrolyte membrane, the oxidation gas 
supply section in which this fuel cell supplies an oxygen pole to one field of the 2nd electrolyte membrane, 
and supplies oxidation gas to an oxygen pole » arranging - the field of another side — a hydrogen pole and 
a hydrogen pole — hydrogen — it is constituted by having the fuel gas feed zone which supplies rich fuel gas. 

[0033] 

In this fuel cell, when it is either of the alloys with which a base material contains at least vanadium, 
niobium, tantalums, and these parts, it is desirable to arrange so that an electrolyte layer may exist in a 
hydrogen pole side rather than a base material. The hydrogen embrittlement of these ingredients can be 
controlled by carrying out like this. An electrolyte may exist in the both sides by the side of the hydrogen 
pole of a base material, and an oxygen pole. 
[0034] 

In a fuel cell, it is desirable to consider as the arrangement between which it is placed by either [ at least ] a 
base material or covering between an electrolyte layer and an oxygen pole. That is, it is desirable that an 
electrolyte layer considers as the arrangement which does not contact an oxygen pole and directly. By 
carrying out like this, an inorganic electrolyte membrane can control the short circuit which may be 
produced by contacting an oxygen pole and directly. 
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[0035] 

This invention may be constituted as the manufacture approach of an electrolyte membrane besides the 
configuration as an electrolyte membrane and a fuel cell, and the manufacture approach of a fuel cell. The 
manufacture approach of the 1st electrolyte membrane can be made into the manufacture approach equipped 
with the process which forms the water electrolyte layer containing moisture, and the process which forms 
the precise film of a hydrogen permeability ingredient in both sides of an electrolyte layer. The manufacture 
approach of the 2nd electrolyte membrane can be made into the manufacture approach equipped with the 
process for which the base material formed with the precise hydrogen permeability ingredient is prepared, 
and the process which forms an inorganic electrolyte layer to one [ at least ] field of a base material. 
[0036] 

A fuel cell can be manufactured by equipping these electrolyte membranes with the process which prepares 
an oxygen pole, a hydrogen pole, the oxidation gas supply section, and a fuel gas feed zone further. 
[0037] 

[Embodiment of the Invention] 

A. Solid-state macromolecule membrane type : 

Al. solid-state macromolecule membrane type : 

Drawing 1 is the explanatory view showing typically the configuration of the solid-state macromolecule 
membrane type fuel cell as an example. The cross section of the eel which constitutes a fuel cell was shown. 
This eel has structure which sandwiched the electrolyte membrane 20 on the oxygen pole 10 and the 
hydrogen pole 30. The passage for supplying the air as oxidation gas is established in the oxygen pole 10. , 
the hydrogen pole 30 — hydrogen — the passage for supplying rich fuel gas is prepared. The oxygen pole 10 
and the hydrogen pole 30 can be formed with various ingredients, such as carbon. 
[0038] 

The electrolyte membrane 20 has multilayer structure into which the metal layer with precise hydrogen 
permeability inserted both sides of the electrolyte layer 23 formed by the solid-state poly membrane. For 
example, the Nafion (trademark) film etc. can be used for the electrolyte layer 23. The compact layer 24 of 
palladium (Pd) is formed in the field by the side of the hydrogen pole of the electrolyte layer 23. The 
compact layer 22 of a vanadium-nickel alloy (V-nickel) is formed in the oxygen pole side. The compact 
layer 21 of Pd is further formed in the oxygen pole side of a compact layer 22. In the thickness of the 
compact layers 21 and 24 of Pd, in this example, the thickness of the compact layer 22 of 0.1 micrometers 
and V-nickel set thickness of 10 micrometers and the electrolyte layer 23 to 30 micrometers. The thickness 
of each class can be set as arbitration. 
[0039] 

The electrolyte layer 23 contains moisture. Since it faces across both sides of the electrolyte layer 23 by 
compact layers 22 and 24 as above-mentioned, possibility that the moisture in the electrolyte layer 23 will 
pass through these compact layers 22 and 24, and will break away out of the electrode, as a result the eel is 
low. Moreover, balking of the moisture from a perimeter can also be controlled by carrying out the seal of 
the perimeter (for example, the field A in drawing) of the electrolyte layer 23. The seal of the compact 
layers 22 and 24 in this example and a perimeter functions as a maintenance device in which the moisture of 
the electrolyte layer 23 is held. 
[0040] 

In a generation-of-electrical-energy process, it becomes a proton, the electrolyte layer 23 is moved, it 
combines with oxygen on the oxygen pole 10, and the hydrogen in the fuel gas supplied to the hydrogen 
pole 30 generates water. The moisture contained in the electrolyte layer 23 contributes to migration of a 
proton. In order to promote the reaction in a hydrogen pole and an oxygen pole, usually into a eel, catalyst 
beds, such as platinum (Pt), are prepared. Although illustration was omitted, a catalyst bed can be prepared 
between compact layers 21 and 24, and the oxygen pole 10 and the hydrogen pole 30. It is good between a 
compact layer 22 and the electrolyte layer 23 between compact layers 21 and 22 also as what is prepared 
between the electrolyte layer 23 and a compact layer 24 etc. 
[0041] 

Drawing 2 is process drawing showing the production process of the fuel cell of an example. In this 
production process, the electrolyte layer 23 is generated first (step S10). Next, compact layers 21, 22, and 24 
are formed in both sides of this electrolyte layer 23 (step SI 2). And electrodes 10 and 30 are attached in the 
both sides of compact layers 21 and 24, respectively (step SI 4). What is necessary is just to form a catalyst 
bed suitably at one of processes according to the location. 
[0042] 
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Since it becomes possible to hold the moisture of the electrolyte layer 23 according to the fuel cell explained 
above, operation comparatively in an elevated temperature is attained. For example, when the Nafion film is 
used for the electrolyte layer 23, operation at about 200 degrees C is possible. 
[0043] 

Drawing 3 is the explanatory view showing the lamination list of the solid-state macromolecule membrane 
type fuel cells as a modification. Case A is equivalent to the structure ( drawing 1 ) of an example. That is, it 
is the structure which prepared the oxygen pole side compact layer which consists of V-NiV-nickel and Pd 
between the electrolyte layer and the oxygen pole, and prepared the compact layer by the side of the 
hydrogen pole of Pd between the electrolyte layer and the hydrogen pole. 
[0044] 

The fuel cell of this example is good also as structure of preparing the oxygen pole side compact layer 
which consists of V-nickel like Case B, and the hydrogen pole side compact layer which consists of Pd the 
compact layer just being prepared in both sides of an electrolyte layer. Moreover, an oxygen pole side 
compact layer and a hydrogen pole side compact layer may consist of Pd like Case C. In Cases A and B, it 
may replace with V-nickel and vanadium (V) may be used. Vanadium etc. was used for the oxygen pole side 
compact layer because it was easy to carry out the hydrogen embrittlement of these metals. It does not mean 
that these ingredients cannot be used for a hydrogen pole side compact layer. It cannot pass over the 
modification of drawing 3 to an example, but the compact layer which becomes the solid-state 
macromolecule membrane type fuel cell of this invention from various ingredients can be applied. 
[0045] 

In the fuel cell of an example, the film of not only a solid-state macromolecule but a heteropolyacid system 
and the film of a water peta-alumina system may be used as an electrolyte layer 23. When these ingredients 
are used, operation at about 300 degrees C is possible. 
[0046] 

A2: Solid-state macromolecule membrane type equipped with the metal diffusion control layer : 
Drawing 4 is the explanatory view showing typically the 1st configuration of the solid-state macromolecule 
membrane type fuel cell equipped with the metal diffusion control layer. The cross section of the eel which 
constitutes a fuel cell was shown. Although the fundamental configuration is the same as that of the fuel cell 
shown in drawing 1 , the metal diffusion control layer 25 differs from drawing 1 at the point prepared in the 
interface of the compact layer 21 of palladium (Pd), and the compact layer 22 of a vanadium-nickel alloy 
(V-nickel). 
[0047] 

In this example, although the metal diffusion control layer 25 is a precise object and set the thickness to 1 
micrometer, it can set thickness as arbitration. Furthermore, although the oxide (W03) of a tungsten shall be 
used for the metal diffusion control layer 25, not only this but a proton conductor, a mixed conductor, 
ceramics and such composite material, and an inclination ingredient may be used. For example, as a proton 
conductor, there is Mn03 etc. as multiple oxides, such as perovskite, pyrochlore, and a spinel, and a mixed 
conductor. 
[0048] 

Drawing 5 is the explanatory view showing typically the 2nd configuration of the solid-state macromolecule 
membrane type fuel cell equipped with the metal diffusion control layer. The cross section of the eel which 
constitutes a fuel cell was shown. Although the fundamental configuration is the same as that of the fuel cell 
shown in drawing 1 , the metal diffusion control layer 25 differs from drawing 1 at the point prepared in the 
interface of the compact layer 21 of palladium (Pd), and the compact layer 22 of a vanadium-nickel alloy 
(V-nickel) in discontinuous at island shape. 
[0049] 

In this example, although thickness of the metal diffusion control layer 25 was set to 1 micrometer, 
thickness can be set as arbitration. Furthermore, although the nickel (nickel) which is a proton non- 
conductive metal shall be used for the metal diffusion control layer 25, it is not only this but a proton 
conductor, a mixed conductor, and an insulator, Proton non-conductive a metal, ceramics, and these 
composite material and inclination ingredients may be used. For example, as a proton conductor, there is Co 
etc. as Mn03 and an insulator as multiple oxides, such as perovskite, pyrochlore, and a spinel, and a mixed 
conductor as a metal of non-conductivity [ proton / aluminum 203, Si02 and MgO, and ]. It is more 
effective to prepare in island shape in discontinuous, since there is no proton convective especially in the 
case of an insulator. 
[0050] 
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If the solid-state poly membrane mold fuel cell which was shown in drawing 4 or drawing 5 and which 
equipped the interface of a dissimilar metal with the metal diffusion control layer is used, the metal counter 
diffusion of dissimilar metals (here, they are palladium (Pd) and a vanadium nickel alloy (V-nickel)) can be 
controlled, and the fall of the hydrogen permeability ability of a hydrogen permeability ingredient can be 
controlled. 
[0051] 

B. Solid acid ghost mold : 
Bl . solid acid ghost mold : 

Drawing 6 is the explanatory view showing typically the configuration of the solid acid ghost mold fuel cell 
as an example. The cross section of the eel which constitutes a fuel cell was shown. This eel has structure 
which sandwiched the electrolyte membrane 40 on the oxygen pole 10 and the hydrogen pole 30. The 
structure and the quality of the material of the oxygen pole 10 and the hydrogen pole 30 are the same as that 
of a solid-state macromolecule membrane type. 
[0052] 

The electrolyte membrane 40 has 5 layer structures centering on the precise base material 43 formed by 
vanadium (V). The thin film of the electrolyte layers 42 and 44 which consist of a solid acid ghost is formed 
by both sides of a base material 43. The ceramic proton conductor of BaCe03 and SrCe03 system etc. can 
be used for the electrolyte layers 42 and 44. The coats 41 and 45 of palladium (Pd) are formed in the 
external surface of the electrolyte layers 42 and 44. In the thickness of the coats 41 and 45 of Pd, in this 
example, the thickness of 0.1 micrometers and the electrolyte layers 42 and 44 set thickness of 1 micrometer 
and a base material 43 to 40 micrometers. The thickness of each class can be set as arbitration. 
[0053] 

In order to promote the reaction in the hydrogen pole and oxygen pole in a generation-of-electrical-energy 
process, usually into a eel, catalyst beds, such as platinum (Pt), are prepared. Although illustration was 
omitted, a catalyst bed can be prepared between an electrolyte membrane 40, and the oxygen pole 10 and the 
hydrogen pole 30. In addition, you may prepare between the electrolyte layers 42 and 44 and a base material 
43 etc. between coats 41 and 45 and the electrolyte layers 42 and 44. 
[0054] 

Drawing 7 is process drawing showing the production process of the fuel cell of an example. In this 
production process, a base material 43 is generated first (step S20). Next, the electrolyte layers 42 and 44 are 
formed to both sides of this base material 43 (step S22). Although it is performed membrane formation of an 
electrolyte layer generating an electrolyte, it mentions later about an electrolytic generation method. Since 
the base material 43 is precise, sufficient thin-film-izing of the electrolyte layers 42 and 44 is possible for it. 
Membrane formation can use various technique, such as a physical vapor deposition, chemical vacuum 
deposition, and sputtering. Finally, Pd film is formed on the external surface of the electrolyte layers 42 and 
44, and electrodes 10 and 30 are attached in it (step S44). What is necessary is just to form a catalyst bed 
suitably at one of processes according to the location. 
[0055] 

According to the fuel cell explained above, the electrolyte layers 42 and 44 can fully be thin-film-ized by 
forming membranes on the precise base material 43. Therefore, electrolytic membrane resistance can be 
controlled and operation at low temperature is attained comparatively. In this example, operation at about 
600 degrees C is possible. When the electrolyte layers 42 and 44 are thin-film-ized to about 0.1 
micrometers, an operating temperature can be reduced at about 400 degrees C. 
[0056] 

Drawing 8 is the explanatory view showing the lamination list of the solid acid ghost mold fuel cells as a 
modification. Case A is equivalent to the structure ( drawing 6 ) of an example. That is, it is the structure 
which prepared the electrolyte layer in both sides of the base material of precise V, and prepared the coat of 
Pd in the both sides further. All over drawing, the expedient top, base material, and coat of illustration were 
not distinguished, but it was indicated as the "base material." Moreover, the layer name of L1-L5 was given 
to each class from the expedient top [ of explanation ], and oxygen pole side. 
[0057] 

The electrolyte layer should just be formed on the base material with the precise fuel cell of this example. 
For example, the base material of V may be formed in LI layer like Case B, and an electrolyte may be 
formed to the L two-layer located in the hydrogen pole side. The coat of Pd may be formed in the field by 
the side of the oxygen pole of V in LI layer. The coat of Pd is formed in the hydrogen pole side of an 
electrolyte layer as L3 layer. L3 layer in Case B may be omitted like Case C. In Cases B and C, in LI layer, 
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the metal of a different kind Pd and V touches, and the alloying by diffusion of dissimilar metals may arise 
at the time of an elevated temperature. Therefore, as for Gases B and C, it is desirable to make it operate at 
about 400 degrees C. Under this temperature, in order to stop the membrane resistance of an electrolyte 
layer, it is desirable to attain sufficient thin film-ization, for example, it is desirable to consider as the 
thickness which is about 0. 1 micrometers. 
[0058] 

LI layer in Case B may be omitted like Case D. However, generally the configuration which it is more 
desirable for a solid acid ghost electrolyte layer to avoid direct contact to the oxygen pole, and this 
viewpoint to LI layer does not omit is desirable. 
[0059] 

Solid acid ghost mold equipped with B-2. metal diffusion control layer and the reaction control layer : 
Drawing 9 is the explanatory view showing typically the configuration of the solid acid ghost mold fuel cell 
equipped with the metal diffusion control layer and the reaction control layer. The cross section of the eel 
which constitutes a fuel cell was shown. The electrolyte membrane 50 has 5 layer structures centering on the 
precise base material 53 formed by vanadium (V). The field by the side of the hydrogen pole 30 of a base 
material 53 is equipped with the metal diffusion control layer 54 of a precise object. Furthermore, the coat 
55 of palladium (Pd) is formed in the external surface of the metal diffusion control layer 54. 
[0060] 

On the other hand, the field by the side of the oxygen pole 10 of a base material 53 is equipped with the 
reaction control layer 52 of a precise object, and the thin film of the electrolyte layer 51 which consists of a 
solid acid ghost is further formed by the external surface of the reaction control layer 52. SrCe03 of the 
metallic oxide which is one of the perovskites is used for the electrolyte layer 51. In the thickness of 1 
micrometer and the reaction control layer 52, in this example, the thickness of 0.2 micrometers and the 
electrolyte layer 51 set [ the thickness of the coat 55 which is Pd / the thickness of 0.2 micrometers and the 
metal diffusion control layer 54 ] thickness of 0. 1 micrometers and a base material 53 to 40 micrometers. 
The thickness of each class can be set as arbitration. A proton conductor, a mixed conductor, and an 
insulator are used for the reaction control layer 52. 
[0061] 

Drawing 10 is the explanatory view showing typically the 2nd configuration of the solid acid ghost mold 
fuel cell equipped with the metal diffusion control layer and the reaction control layer. The cross section of 
the eel which constitutes a fuel cell was shown. It differs from the solid acid ghost fuel cell of drawing 9 in 
that the precise object 56 of palladium (Pd) is arranged in island shape in discontinuous in the interface of 
the reaction control layer 52 and a base material 53. Since the precise object 56 decomposes a hydrogen 
content child into a proton etc., it is effective in securing electromotive force. 
[0062] 

Drawing 1 1 is the explanatory view showing typically the 3rd configuration of the solid acid ghost mold 
fuel cell equipped with the metal diffusion control layer and the reaction control layer. The cross section of 
the eel which constitutes a fuel cell was shown. 
[0063] 

the solid acid ghost fuel cell of drawing 9 — the interface of the electrolyte layer 5 1 and a base material 53 — 
continuous — coming out — discontinuous [ be / nothing / and ] — like — island shape — the reaction control 
layer 52 — allotting — the interface of a base material 53 and a coat 55 ~ continuous « coming out — it 
differs in that there is nothing and the metal diffusion control layer 54 is allotted to island shape in 
discontinuous. Although the thickness of 1 micrometer and the reaction control layer 52 of the thickness of 
the metal diffusion control layer 54 is 0.2 micrometers, the thickness of each class can be set as arbitration. 
It is more effective to prepare in island shape in discontinuous like drawing 1 1 , since there is no proton 
convective when the metal diffusion control layer 54 and the reaction control layer 52 are insulators. 
[0064] 

In the solid acid ghost mold fuel cell shown in drawing 9 - drawing 1 1 , it can prevent oxygen's moving to 
the interface of the base material 53 formed by vanadium (V), and the electrolyte layer 51 formed with the 
metallic oxide from an electrolyte layer by having the reaction control layer 52, reacting with vanadium, 
forming the oxide layer of vanadium, and the electromotive force of a fuel cell declining. 
[0065] 

Furthermore, by equipping with the metal diffusion control layer 54 the interface of the coat 55 of the base 
material 53 formed by vanadium (V), and palladium, metal counter diffusion can be controlled and the fall 
of the hydrogen permeability ability of a hydrogen permeability ingredient can be controlled. 
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[0066] 

Generation method of a B3. electrolyte : 

From here, the generation method of the electrolyte in step S22 of drawing 7 which carried out point ** is 
explained. This example explains the generation method of the electrolyte of a perovskite mold multiple 
oxide. A perovskite mold multiple oxide is an oxide by which a general notation is carried out by AB03. 
Here, A site shall serve as alkali metals. 
[0067] 

Drawing 12 is the explanatory view showing the 1st kind of generation of an electrolyte in this example. 
The above figure shows the molecule condition before electrolyte generation, and the following figure 
shows the molecule condition after electrolyte generation. If the mol concentration of AO is smaller than the 
mol concentration of B02 before a reaction and these react, AB03 is generated and B02 remains. For 
example, 

[AO]/[B02] =0.95-0.99 ([] expresses mol concentration) 

Carrying out is desirable. 

[0068] 

Drawing 13 is the explanatory view showing the 2nd kind of generation of an electrolyte in this example. 
The above figure shows the molecule condition before electrolyte generation, and the following figure 
shows the molecule condition after electrolyte generation. Before a reaction, in addition to AO and B02, if 
the oxide which forms the alkali metal and the oxide of A site which are called M02 is contained and these 
react, AB03 and AM03 are generated and B02 remains. In addition, the mol concentration of AO is 
smaller than the sum of the mol concentration of B02, and the mol concentration of M02. For example, 
[AO]/([B02] + [M02]) =0.95-0.99 ([] expresses mol concentration) 
** — it is desirable. 
[0069] 

As an oxide MO 2 which forms alkali metal and an oxide here, there are Ti02, and Mn02 and Fe 203, for 
example. It reacts with alkali -metal A, respectively, and an oxide called ATi03, AMn03, and AFe03 is 
generated. 
[0070] 

Rare earth elements can use for B site. Rare earth elements are Cerium Ce, Zirconium Zr, Yttrium Y, and 

ITTERIBIUMU Yb. 

[0071] 

The oxide (AO) of alkali metal reacts with the carbon dioxide CO 2 contained in cathode anode gas, and 
generates a carbonate. Although not existing by the independent one after electrolyte generation is desirable 
as for the oxide of alkali metal since a carbonate causes decline in conductivity, and collapse of an 
electrolyte layer, after electrolyte generation stops the oxide of AO, i.e., alkali metal, existing [ in after ] 
independently according to the generation method of the electrolyte shown by drawing 12 or drawing 13 . 
[0072] 

The electrolyte generation method of this example is applicable not only to the electrolyte of a perovskite 
mold multiple oxide but the electrolyte of a pyrochlore mold multiple oxide (A2B 207) and a spinel mold 
multiple oxide (AB04). The impurity may be contained and it can apply to BO (A0.8a0.2)3, ABCOX, etc. 
[0073] 

As mentioned above, although the various examples of this invention were explained, it cannot be 
overemphasized that configurations various in the range which this invention is not limited to these 
examples and does not deviate from the meaning can be taken. 
[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing typically the configuration of the solid-state macromolecule 
membrane type fuel cell as an example. 

[Drawing 2] It is process drawing showing the production process of the fuel cell of an example. 
[Drawing 3] It is the explanatory view showing the lamination list of the solid-state macromolecule 
membrane type fuel cells as a modification. 

[Drawing 4] It is the explanatory view showing typically the 1 st configuration of the solid-state 

macromolecule membrane type fuel cell equipped with the metal diffusion control layer. 

[Drawing 5] It is the explanatory view showing typically the 2nd configuration of the solid-state 

macromolecule membrane type fuel cell equipped with the metal diffusion control layer. 

[Drawing 6] It is the explanatory view showing typically the configuration of the solid acid ghost mold fuel 

cell as an example. 
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[Drawing 7] It is process drawing showing the production process of the fuel cell of an example. 

[Drawing 8] It is the explanatory view showing the lamination list of the solid acid ghost mold fuel cells as a 

modification. 

[Drawing 9] It is the explanatory view showing typically the configuration of the solid acid ghost mold fuel 
cell equipped with the metal diffusion control layer and the reaction control layer. 

[Drawing 10] It is the explanatory view showing typically the 2nd configuration of the solid acid ghost mold 

fuel cell equipped with the metal diffusion control layer and the reaction control layer. 

[Drawing 1 1 ] It is the explanatory view showing typically the 3rd configuration of the solid acid ghost mold 

fuel cell equipped with the metal diffusion control layer and the reaction control layer. 

[Drawing 12] It is the explanatory view showing the 1st kind of generation of an electrolyte in this example. 

[Drawing 13] It is the explanatory view showing the 2nd kind of generation of an electrolyte in this 

example. 

[Description of Notations] 
10 — Oxygen pole 

20 — Electrolyte membrane 

21 — Compact layer 

22 — Compact layer 

23 — Electrolyte layer 

24 — Compact layer 

25 — Metal diffusion control layer 
30 — Hydrogen pole 

40 — Electrolyte membrane 

41 - Coat 

42 — Electrolyte layer 

43 ~ Base material 

50 — Electrolyte membrane 

51 ~ Electrolyte layer 

52 ~ Reaction control layer 

53 -- Base material 

54 — Metal diffusion control layer 

55 - Coat 

56 — Precise object 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 5] 




[Drawing 6] 
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[Drawing 7] 
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[Drawing 9] 
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[Drawing 12] 
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[ 0 0 0 6 ] 

iftvricm i ] 

KPIf 7 - 1 8 5 2 7 7 f'A v S 
[ 0 0 0 7 ] 

* , h w <d mm nm^m^fcmnm^icit, & 1 50-7 0 0 to^sifiifftst. 

© # £ L & fro 0 - tt fc , «SPS©HfiSx(i, )S fi i« ^ ti if. ig < & 5 #| (fine £ fr 
[ 0 0 0 8 ] 

o 

[ 0 0 0 9 ] 

[Bl^Iftt £ fctiXD^mis J; If Z<Dftm • $»«] 

<fc <0 , fi«S!<0«SS«JfiOKif^ffl**lfiJ±«-er« c So #7k mfc? ft/i & , 0!l * 

, 7- 7 * > ( £ 0i ft ®) &if<D@tt;«#?ffli, ^^n^'JiS^^^zfc/JT/l/S^^^H 

[00 1 0 ] 

7k ig in ft * ihj & -r s fc ft fc it m m m w ic m ^ * # & m * l v . 

[0011] 
[0012] 

ttE*ll5aiBtt*ftt©*«Ktt. Ili«*^3:5'>%( i: 2 JB © zk fiStf at §t m fr « 
[0013] 

7k fg a ii 14 # £Mi , m Z. l£ , 7^-5 5> -7 A / 7^ 7- S> "7 A / V <7 A & E (D V > K <7 -f >y ^ 

#U6M*fflV*»^*>*S. 7* 7- <7 A f± 7* 7 ^ ? A <fc «9 7> O h>Sfc«7k^/g?©^jl 

a je # m < , ^ v> t i> ? h # & 5 # , 7k m & =? * ? u h > «s e # si -r 3 m *» # « £ ^ 

©K-B^fetiMffitcjgfig-TSci:-?, aJi14tg^i^±^-&Siii:^-Zr#5o & S tt , 7^7- 
[00 1 4 ] 
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6 a V> L * #I««fcotf5*^tt, A « T- o T fc A V» o 

[00153 

[00 1 6 ] 

ynhy£»#ii, 7 p nh>'5r3|jgLx * 3£ L a ^ £ 91 * T* & 5 . m-S&mfcte. 10 

o 

[0017] 

^BE»L, flS2f o ig k * * « , **tf7kiRaKzk*yyf-a«sirx*«i&-rs«»«rx 

«J&95£*i§x. 3 C tCJ: S HI fig £ *l 3 „ 20 
[0018] 

aitjctcio, nmmmz-t-fticm&itir s c t # -e# *„ se*, io M 

mtt±t-a5-3fci«¥IlOiJ^> 0. 1-1 /tmigfiKSfK t5c fc^Rlilt'feS 
iiSOi»SI(i, B a C e O 3 , SrCe0 3 ?S<D-tr^5 

!5 t 30 
[0019] 

[ 0 0 2 0 ] 

[ 0 0 2 1 ] 
[ 0 0 2 2 ] 



JP 2004-146337 A 2004.5.20 



[ 0 0 2 3 ] 

£&©kL.T&&^„ 
[ 0 0 2 4 ] 

A ^ o If 38 m ic o It 5 t§ 14 , W*tfi«T$oTtfi^. 
[ 0 0 2 5 ] 

ttGKftttiMMIi, :/nh>£?»#, ig-&J£m#, & * ft © 3 * '> * < k t» l o * tr t> 
[ 0 0 2 6 ] 

HuiEs^se©«»M«, u ^STt^^afefig^ k -r sas 1 h ^ © as © s m 20 

[ 0 0 2 7 ] 

7 /I/ # 'J £ JS tf. ^tt fa K it 5 # v - K • 7 / - F # x 4> ^ £ n £ c o 2 tfci&t 
5k, 7^*y4IKi«*£)«tS. cOT/^^IKlIft^ £*5&«*li3©»m^© 

«t, «»K*©JW«ik^t>fc»*ja:iai«*5i*fi(: , r. 

[ 0 0 2 8 ] 

7;l/*';^Jg(i, «^&<b^ k lt#6t SW^fcJftT* V fillftft LTS 30 

fit5S3tfx H;ifrtCO- 2 kSJSL^t^o 
[ 0 0 2 9 ] 

miBii^afbw*, 2 h- © $ smc *f -r i -t-r h ©j«#©*;i/jt # 

, Sul3-^©Jt J: 0 '^J v^tg-g-JtT-g-fig-T S C k 5 C k fc <fc t) , 7**'J4II 

ffc»%»#;*-£*^J:3 fc-rsc K o T , 7" /l/ * U ft K 1Mb 1* © £ J* * 8HM 

tscitft'ts. T"^* u ^jbtcjis^* ©ffi©7ciRtt, * n =e n *tft& {b « © & i -it 

tt , I^lf^n7XA^h J f;UDi'n7, XfcT*;V & 31 2 •»*• Mc « , * ± 

3S7tt (t'J-^AC e, i^l/n^^AZr, -Y >y h U ? A Y , ^7r'je>)iYb) tfffl 
^ 5 C i T* t 5 , 40 
[ 0 0 3 0 ] 

mmmmm.m<Dmmnit. tjv* v &m7tm*3zi&'fr t? &m 1 f ^ © ft& © 7t it 

T'&oT, HUB * M ft: W 14 , WIBT;l/* U &«7CilSk k t>KK{b«)*JgJ«r 3 ©7C 

m©^fb^^m^«^/ufc«s-z?-&fig$nfc^^^{bfe-z?&oTtAv^ 0 

[ 0 0 3 1 ] 

^3©^SUc«fcf?, 7 /l^ ft U ft S Tt; (4 , 7;l/AU^Itftftlt LTfli§<, 7 ;!/ * U 

tSUlitSCki'ftS, S3©7tiRkLTtt, ^ # > T i , V > # V M n , & F e & 
H« t **oS3©7CJR©ttfkfttt, Ti0 2 , Mn0 2 , Fe 2 0 3 :&k ■?«&£><, 50 
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[ 0 0 3 2 ] 
[ 0 0 3 3 ] 

^sitsc^ffiu^, c5-T5ci:Tiine><D^^0 7j<*aef[:^ai*yrsiii:^ 

[ 0 0 3 4 ] 
[ 0 0 3 5 ] 

tisis, MWft&t lt *kkrq«&£- J* , mmmmvwm 

ISSJ:t5c:ttf-!?t5.J2©l)S?lj!l©8ISS(i, **a**38fflte#«T?JB]« 20 
[ 0 0 3 6 ] 

be, c ft e> ©®»HBUciSi&ffi, 7}<m@, 1Mb £m#x«3& 

[ 0 0 3 7 ] 

[ si h © m m co m m i 
a . m^m^^mm ■■ 
a 1 . swis^^mm : 

«*fi*raj£-rs-fe>l/©8r®*3*Lfco d ©-b;l/{i, MMM 1 0 , tHMM 3 0 T? 2 

S»6ftT^5. K IS ffi 1 0 , * * « 3 0 tt » *-#V*Ha4r©»ST?mJ«Rn)lT?*<5 
[ 0 0 3 8 ] 

mm mm 2 ob, n*n»?iT-jgi2n/';t»ii2 7kmmmfe.com®%; 

) ISH*fflv^ci:i^#5„ 1SISI2 3©7]<ilf Oittt, 7^ a (Pd) 
<Di®ggli2 4tfSft&nn^. & fit ffiffifl fC « , (V-N i) 40 

OHBI2 2tfR(t6nT^«, MftM2 20,.SKifl£tt, 5E E . P d © ®[ ® /■ 2 1 
tfi(J6nT^5. **Jtfin?(t, P d ©$25/1 2 1 , 2 4©IJIiO. 1/im, V-N 
iOS^l2 2 0l?Sl 0(jm« t»li2 30f?tt 3 0 /imt Lft 0 & « © 0 £ t£ 

[ 0 0 3 9 ] 

1SSI2 3li< *»*&SLT^5. 1«¥S12 3©Iia, ±i£©ii <3 . J&Sg/l 2 2 
. 2 4f«JtlT ^ £ fc 46 , 1SS12 3fiO 7k # # , cn5.0iS[SB«2 2, 2 4%®?) 

ft w- t «« » » t a * ;p ft k tt jk l t v-» < 13 ill tt a fi^ . * fc > mmm.m 2 z comm ( 

tfT?**. **Jt0!lfc*itfSRM 2 2 , 2 4feitfIl©i'-;Ki, 1IS1I2 30* 50 
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[ 0 0 4 0 ] 

»tiic*^T, **«3 o ic&i&z tircmmjjx$><D7)<mit, /nhyt*^ mm 

t*tCtte4 (Pt) tt*©*<31«T»«*o H^**«bfe«<» «&JB 

fi, MX. ff , M«JI 2 1,24 l o , Tkmm 3 0 fcOHEfitJSCi:tf7*«. 

t812 1, ®«12 2tlSH2 3tOffl, *ft?K«23fc^?gJ124il 

[ 0 0 4 1 ] 10 

0 2 tt*««lol»i»OHIIi*wtIIH-e*«. C ©SiSlST'li, *r, «ff 
Si23%4it5 (Xfy / S 1 0) □ &fc, i, 

2 2. 2 4 £ Jjic f £ ( X X >y :/ S 1 2) o ^ L T , HS2BS2 1, 2 4 <DMM IC Z tl ^ tl 
til 0, 3 0%K!3fitlJ5 (Xf7/S 1 4) o ^JiSti.^cDfeB^jSCT, ^ ftl 

froiiT'ii, $ -r ntf <t ^ 0 

[ 0 0 4 2 ] 

tti?iuLfei8taicj:hB, mm mm 2 3 ©zk#*«#-r 5 c tiwjmt&zrcib 
> jfc«wasia-**©«<E#iinjii:a:So 7 * * ^mttmmnm 2 3 icm sterns 

tea, »2 0 0 t§fiT*oi(g*'Riii-p$«. 

[ 0 0 4 3 ] 20 

B3tt«»MkLTOH*K»?ISIStaoii)S-I4a?tBiil!BTf*«. ^ — X 

Ati, nss^io«3t (01) tcts^-r *> 0 o*d, mmmm tmmmt comic v - n i 
7}<.mmw<DWL®m*mv tern ifs s . 

[ 0 0 4 4 ] 

**««!i©«»«»tt* «8¥Jtg ©wffiKisas&jitf saw- ^nt^nif «t < % Gnxa?. 
7B©i?[-LV-N i fr$%:z>mmmwm®m. feii; p d ^ 5 & ?>^<.mmmwL^sm^m 
^5«iiLTt<t;i\ ^-xcct^tc, mmmmmmmis ^U7kmmmmmm 

tfetP dTlSLTt i^, ^ — X A . B f;: *3 ^ T , V-N i Cft^T, Mt^^A ( 

v) % v r «> * „ rt + w 2±m&mmmwiBi&micm^rc<Dit. c n 5 30 

[ 0 0 4 5 ] 

CD j& , #zk/3T;I/5^3R©il*fflV»Tt.J:^o ChfeOttBSfflV^i^Ktt, $5300 

■csit-eojUK-jy nrm-efc* o 

[ 0 0 4 6 ] 

A 2 : &M&%*Pffi!l**ffiX.fc@ttffia-?JR$! : 

mt&tmmT&ztf, &m&wt.mfflm 2 5 # , /^^^a (Pd) ©*M2ii:^?-s? 

(V-Ni) ©tt«»2 2©»Mte»W-&tlTV»*j&T?Hli:ttJI 

[ 0 0 4 7 ] 

Rite -e**,, w.ic, &m&m.jtofflm 2 5 tea, ^y^xf>osift» (wo 

3 ) * m v 5 «> © t v tc cnts^f , yohi/esn*. iinr e * & , -t ^ s >y * x 

. * J: tf Cti 6 ©*##»*»«#** t, fiAtf, 7n h LTIi 

^n^XA-CK /Wa^nr, X if * )l & if © % Wt it % > I^gf fti: Lt liM n O 50 
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3 & if. & S o 

[ 0 0 4 8 ] 

m 5 it, ^iffitfflffli^i^. rcm#-&ft?mmi&nmm<D& z <d M^ttm^.® icm-tm 
mm tmmvabztf, &m&WLW%\m 2 5 » % (Pd) © m « 2 1 £ ^ v 

H--7^r;^4 (V-Ni) OStm^2 2©^^®fC#MMW{CS«(CiaitP»nTV> 
£ £ T* 0 1 tliSSot^S, 
[ 0 0 4 9 ] 

* 51 56 , &S&lfc»lME 2 5 Of? « 1 11 m t L /»?«ttlcKiS^RjtlT?$ 

5. Mfc, ^JSS£SS[«i^l«2 5tcti, ? n Y 1/ Itmm.'&'D & mx° %> % - v >r )V (N i) £ 10 

iv^StOilfttf, c EI 5 -f , ^nhyg|#, *6 )Si f* , 7 a h > 

I^EiftiLtSMnOs , $6iS^i:LT«Al 2 0 3 , S 10 2 . MgO, :/ n 

^ fc £> , ^ jfi «E W fc « « K K »* * B 5 & m to "P » £ o 
[ 0 0 5 0 ] 

ifi * JB V *l If , Si^Il^i (Cilt'tt/^^'Ji (Pd) fcAti' , ')A-c^;l/^4 

(v-n i) ) ©&jR«i5is»*«nML, 7k*a»tt«»©*jitafflttii6©fi"F*anwr 20 

§ C # Tf # £ o 
[ 0 0 5 1 ] 

B . BftHftM : 

b 1 . m#mikVdM ■ 

H6li*«Pi:LTOH#lft*a*fil»Oi)S*«jSfili:iStKi!IHT?*«. JIB ft « 

c © -fe ;Mi , M IS 1 0, 7jc|l3 0Tf«I»4 o 
*»A,«iii:ft7n>«, lillO, 7j<*®3 0«D^jS*3 e };tfMat±, B # * # ? K 

n t m m tb s „ 

[ 0 0 5 2 ] 

ISSI4 0H, K i- i? A (V) f^«?nfcaffi5:i«4 3^«^tt5 5liiii: 30 

JtlTl/^, i«?I1 4 2 , 4 4 t± , B a C e O 3 , S r C e O 3 lot? 5 7 i'XT'D 

d) OSI4 1 , 4 5#RW-6nT^*.#*«{WT*li, PdOtl 4 1, 4 5 0IJB 
0. 1/tm, l)ili 4 2 , 4 4 ©f SB 1 jim, l#4 3©f Jtt4 0 (imHf:, £• 

[ 0 0 5 3 ] 

a«fflSte*»«zkjiEa*j:tfBHRa-eog*s*ffiit-rsfe«)K, -t ^ * tc a e & (p t 

) <f<D»ji»*»ttS<03yji1!fT?**o BjS**l»Lfe*«, fell & B « , WAtf, fill 
40i:|%gl 0, 7j<ii3 0ttDK(CS^5Ct^ff 5 0 ^CDffis l£ ^ 4 1, 4 5£ 40 
l8fSl 4 2 , 4 4 tO«, l«fSi 4 2 , 4 4t»tt4 3fcc£P [ g ; S:inc!8 : tfTt>«fc^o 
[ 0 0 5 4 ] 

4 3^4^15 (X?'!'7*S20) . ViK , l©I«4 3©Wffi(Ci»Il 4 2 , 4 4 5 
Il8t5 (Xf77"S22) o ttfi¥KW©j£lltM:. t)SS^4«Loo?7?:bti5ff, « 

sioti^iiKiLTatatSo a«4 3tt*«Tf*afcai), mm mm 4 2 , 4 4© 

l«©¥S^1^5i: fctft't5 0 i»H 4 2 , 4 4 ©Wffitt P dl^ilL 

, til 0, 3 0 %%LK) ttif 2> (X^-y^S4 4) . mmmii, © ffi B K JS U T , l> f 
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[ 0 0 5 5 ] 

» \t%tm&uv commit t * « . »6 o o tigf©i6^pjiit-$ 

5. 1SBI42, 44^0. I (tmifttSTfilftLfti^lCtt, &4 0 0°C:fIgfC 
[ 0 0 5 6 ] 

B8ttt««fcLTOH#lft*S»fltllOl«ja-I*Stlill!Hf»4. ^-X A 

o a * * # l o 

[ 0 0 5 7 ] 

LTtil\ L 1 Jg {c *3^T V QttiKSffll O® E it. P d oSi^SSLtt J;V\ H 8¥ 
SlOTklllKliL 3ii:LTP dOiI^«i?tl§o ^-XC©.}:-?^ ^ - X B 
L 3l?:f ISLTt ^r- X B , CT*tt« L liCfeV^T, PdtVH^ 

S 0 Sfot, ^ - x b . c « , 4 0 0 tISfl#?t5i:i:^iflli\ 2^ 3 iB g T 20 

tSSlOlSlii^WA. 5 fcfe, +»*»Mfb*H* c i: 3^»* L < , * fcf . 0 
. 1 (jmlfiOf Sit« Cfc^jfSL^. 
[ 0 0 5 8 ] 

^r-XDOJ:^:, ^-XBlcfctfSL 1 i^f «S LT fe J: l\ fcf£L, - US H & ^ {b 
fttiII{iSiItOlgg»^ilt5**^i L<, 3tJ»***«ja^5, L 1 Kit Kg 

[ 0 0 5 9 ] 

B2. ^litHHMl tSfSWUfJif fcSttBfcftS! : 

"f IH BJ! 0 T? £ 3 „ ^»«Jlfi^«fig-r5-fe;l/co»Tffi?r^Lfc:o MMMmsOit. ^^v^^A 30 
(V) t-f)SJnft«!i§l«5 3^(fi^t5 51iI!:*oT^5 0 S# 5 3 (O/Jcfg 

H 3 0 111©® tc fi, tt«f#O^JB««#piWJi5 4*««it6nTl/'»*o Hfc^«ttt!f«Jft'JS 

5 4 0^I£(i > /< 9 S> * 2» (Pd) OSI5 5««Rtt5-nT^«, 
[ 0 0 6 0 ] 

-7? , 5 3 Oili 1 0 m commit, »«{*OSJSSfflI#J»5 23yfll*6tl-r48*), M 

fcsisaiS)je5 2<D^®{cii, 0#&{t!f&fre.fcsmfl¥!ajg5 1 oiiA^^^tiTv^ 

. liSi5 1 Kit,- ^n^Xin'hOlOt^SiliftilOS r C e0 3 3: fll ^ & „ 
* * Sfi W T? tt > PdOS^5 5©f JtiO. 2/im*&llffi1R&]fnj|5 40J9£ttlpm 
, fcJ&tQlfflm 5 2 comZ l± 0 ■ 2 /im, 1»SI 5 1 OlSliO. 1 |im, 1^5 3©f 
Sit 4 0 /imfc Lfc &*©JP*ttttjKK:«j£pIfl6t**So g IS UP fifJ B 5 2 (C « , 7"n h 40 

> e « # m e w » -*> » m # * m i > § . 

[ 0 0 6 1 ] 

0 1 0(i, ^SffiiSc?PSiJ«i:S^;«iS'J«^fil^fc@«:mfb'felS^^«?fi©^2©^^5&^ 

SfS«3$<J»5 2i:a«5 30*^®tc, #aKWK»«K/<5^^ A (Pd 
) ©8**5 6*ELTV^«jST?JlftoT^5. 5 6 ti, TkmftTtffnh^miz 

%&-?z>cdx°, &nti%mu-t Z>CO\zM%T~$>Z> 0 

[ 0 0 6 2 ] 

01 lit, &mm&wmm tBifotofflm%ffizrcmi*M<tmmmnnw(D% 3 <omi$.*m 

w t * -r k a -e a& s „ mHmfliZMi&.-r z *i >\s<Dmm**Lrc 0 50 
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[ 0 0 6 3 ] 

lf31l««fc*ttK:SlS»W»5 2*EL, I«53i:fil550lWIf:> MMWlcT-li 

* < #&ttttic &#ic&jg&iiSc«ifKiji 5 4tetT^5iSiTji4i. &mmmw®im 5 4 

Oi?ttl|iiii, E£«J1M«5 2<DjP<£fi0. 2 |i m ttMfc»£ 
Rl ftg T & 5 . &ff&ft»l«J«5 4^£ft»M«5 2tftttttt<0«d-ti % ^ohygittff 

[ 0 0 6 4 ] 

@9~0i 1 ic^k Lfcm^mitmmmnmmr^ts k + wk cv) t^js? 5 
3t> & mm it %b nrcmmmm 5 1 fcoaiwiBfcEjsjqiiwjis 25i^5iitT 10 

» ««¥IIJi*»6**j6l«»»LT^^-5?«> AtglSl, 5? * A © Mffcft ■ # JBtf S *i T 

[ 0 0 6 5 ] 

Ml£> i\-t*JV A (V) T-i)SJnftI^5 3tM7->"^AiO«l5 5 0iSffitciIi 
[ 0 0 6 6 ] 

B 3 . ISgOSSSS: 

^"x* h 3S* 14, A b o 3 •e-ME**i»»fl:1&"i?*S. UTii, A+J- 

[ 0 0 6 7 ] 

11 2tt, W-SlilDB© » K©*J«*^-riiWHTfa5*o ± 0 14 tt 8? Si 

% Aoo^fc /I/ JISttBOz©*;!/ »£«!:?> /h«<* Jiti5^SJ6-r*fc, ABO, 
[AO] / [ B O 2 ] = 0. 95-0. 99 ( [ ] 

[ 0 0 6 8 ] 30 . 

01 3 ti» *nii(cfeiU2i5ioiiio4^^itii^ifS5o ±mitmmn 

, AOtBOj «>HC, M0 2 5 J h <DT ft V &m tMlhVBttBtfZ-? ZMIbWa 

A^sntfeD, cnBtfsstik, abo 3 kAMo 3 tftssnt, bo 2 ^s# 

t5. & , AOOt;H§(li ( BO z ot^l/iStMOj © ^ /l/ ifi S © fn <fc 9 'J^£ <> 
0!l A If , 

[AO] / ( [ B O 2 ] + [ M O 2 ] ) = 0. 95-0. 99 ( [ ] t4*;l/j«ft**to 

+ ) 

# & * U\ 

[ 0 0 6 9 ] 40 
cc?^37;l/ay&«fc»{fcWfcraj8*-«»{fcttM0 2fcLT«:, 01 X. If T i 0 2 ■*?» M 
n0 2 . F e 2 0 3 ^353. ^nfn7/l/A'J^IAtSJSLTAT i 0 3 , A M n O 3 
. AF eO s fc^?lft1il*4*t5, 

[ 0 0 7 0 ] 

B^-ThCB, 0!) A If « ± £ tc X # K I*-* S C t W T- * £ . ± M 76 HE 14 „ 09 * If -fe U •> A 
Ce, ^;l/3z^iZr, h'J'JAY, yf 'J li^iY b7fe5, 

[ 0 0 7 1 ] 

T;l/*U^S©^{k#((AO) 14, ±>V-Y-T/-Y137.*lz<S&tlZ>-t&itmmC0 

© -e , 7**'j4ioifk»i4i»ji4««i|i!ii-e#fiLa^ci:)!casL^ff, 01 2 50 
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[ 0 0 7 2 ] 

n7SS^Sftft (A 2 B 2 0 7 ) , X If * /l/S!*-&lfcfl:» (AB0 4 ) © « 8? ® C ® 
ffl Rj #6 T' & 5 o ^K*tfArjT^TU<. ( A 0 . b a 0 . 2 ) BO s ^ABCO x l 

[ 0 0 7 3 ] 

« ± „ *»WOl*o»«l«fco^TRWlfttf, *aW»cti60*«i«K:BI««tif 
[0ffi©1B¥&M] 

[S2] ^siwio^««?fi(DSigxs^^-rxs@T'fe5„ 

[0 4] &Ai£ttfliftJM*ff*fcBttti^?!K£»fttt»093i ©*ja*«3S-WK3*TK 
[0 5]^«ffiStfflf<J^^«^fc@^iS^^^S^»«^£DS2<D^fiK^«^WfC^t-»i 

[07] ussffiioiisJRmjaosjfixs^^-rxsH-pfeSo' 

[08]^^#!li:LT©H#Kfk^S^^«H&©B«fig-K^^-riftBJHT*fe5o 

-r si us 0 t* & § o 

[01 0] &mmwi$>mm t E.&ttmm*mx. rcmwm{tmmmnmm<Dm 2 <Dm&zm 
[01 1] &m&mwfflm £Eifoti9fflm*ffizrc@#&<t®mmnnm<Dm 3 vm&%m 

[0 1 2] 1 It3l©i»S©4)S%itl^if$5. 

[01 3] ^^SSffilfcfelt S 2 m K> S OS»fiO4)S*^til!a0T-*5. 
[ «F # © K B£ ] 

1 0 -8KXS 

2 0 -mm si 
2 1 -mtsm 

2 2 -as&E 

2 3 -nmnm 

2 4 -a&s ^_ 

2 5 -^isffitscaiM® 

3 0 

4 0 — «mkjk 
4 1 -mm 

4 2-i»Sl 

4 3 -Sft 

5 0 -mmnm 

5 1 '"t^SM 

5 2 - r js «j m m 
5 3 -i» 

5 4 -&JB&ft8ifH« 
5 5 ••■•»« 
5 6 •••»«# 
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